Objective: The traditional Mediterranean diet includes high consumption of fruits, vegetables, olive oil, legumes, cereals and nuts, moderate to high intake of fish and dairy products, and low consumption of meat products. Intervention effects to improve adoption of this diet may vary in terms of individuals' motivational or volitional prerequisites. In the context of a three-country research collaboration, intervention effects on these psychological constructs for increasing adoption of the Mediterranean diet were examined. Design: An intervention was conducted to improve Mediterranean diet consumption with a two-month follow-up. Linear multiple-level models examined which psychological constructs (outcome expectancies, planning, action control and stage of change) were associated with changes in diet scores. Setting: Web-based intervention in Italy, Spain and Greece. Subjects: Adults (n 454; mean age 42·2 (SD 10·4) years, range 18-65 years; n 112 at follow-up). Results: Analyses yielded an overall increase in the Mediterranean diet scores. Moreover, there were interactions between time and all four psychological constructs on these changes. Participants with lower levels of baseline outcome expectancies, planning, action control and stage of change were found to show steeper slopes, thus greater behavioural adoption, than those who started out with higher levels. Conclusions: The intervention produced overall improvements in Mediterranean diet consumption, with outcome expectancies, planning, action control and stage of change operating as moderators, indicating that those with lower motivational or volitional prerequisites gained more from the online intervention. Individual differences in participants' readiness for change need to be taken into account to gauge who would benefit most from the given treatment.
The traditional Mediterranean diet includes high consumption of fruits, vegetables, olive oil, legumes, cereals and nuts, moderate to high intake of fish, moderate intake of dairy products and low consumption of meat products. It has been found to protect overall health and is associated with a low risk of CVD (1) (2) (3) (4) and certain cancers (2, 3, (5) (6) (7) . Accordingly many institutions have recommended adopting and maintaining nutritional habits in line with this type of diet, and in particular with a focus on fruit and vegetable consumption. Although the WHO has advised to eat at least five portions of fruit and vegetables daily, globally fruit and vegetable consumption is lower than this recommendation (8, 9) . Thus, behavioural interventions are needed to promote the Mediterranean diet. Social-cognitive mechanisms of behaviour change can serve as a psychological underpinning of such interventions and a number of relevant intervention components have been identified (10) . Most of this research examines main effects of predictors such as attitudes, motivation, planning or social norms, as well as time by treatment interactions, to identify sources of outcome variation. This works well in randomized controlled trials but does not shed much light on behaviour change in single-arm interventions. Health promotion programmes that cannot, for whatever reason, include a control group usually examine pre-post differences that do not elucidate subgroup specificity of behaviour change. It is possible that psychological variables operate as moderators that might explain which study participants gain most from a treatment. This approach has been chosen in the present study. It was designed to test the feasibility of an online platform for lifestyle changes and to address possible moderation. A moderator is a third variable that affects the slope of the dependent on the independent variable. In other words, the moderator interacts with an independent variable. Putative moderators that might be responsible for differential treatment effects were explored. We briefly describe below four psychological constructs that may qualify as moderators when it comes to the prediction of dietary changes.
Dietary stages of change
Stage theories of behaviour change assume that one can categorize individuals in terms of their readiness for behaviour change by assigning them to stages that reflect a particular qualitative mindset. According to the Health Action Process Approach (HAPA) (11) , a three-stage distinction has been suggested, dividing study participants into pre-intenders who are unmotivated, intenders who are motivated but do not act accordingly, and actors who behave in line with their intentions. The likelihood for successful behaviour change is seen as dependent on the stage in which someone resides. This HAPA stage approach has been applied in the context of fruit and vegetable consumption (12) but, to date, not to the Mediterranean diet (i.e. multiple dietary behaviours).
Dietary outcome expectancies
Outcome expectancies are beliefs about the consequences of one's action; such behavioural beliefs are regarded as being influential in developing a motivation to change one's health behaviours. People weigh the pros and cons of a certain behaviour, which means that they harbour either more positive or more negative outcome expectancies. Depending on this decisional balance they may develop an intention to act or an intention not to act. The term 'outcome expectancies' is used in SocialCognitive Theory (13) . The equivalent terms 'pros' and 'cons' are used in the Transtheoretical Model (14) , where they represent the decisional balance when people contemplate whether to adopt a novel behaviour or not. In the Reasoned Action Approach (15) the corresponding term is 'behavioural beliefs' that act as precursors of attitudes. In the context of weight management, for example, individuals may anticipate to feel more attractive as a result of dieting (16) . Similarly, consequences of adopting the Mediterranean diet could be imagined in terms of health benefits, fitness gains, weight control, or any social (e.g. my family appreciates healthy meals) or emotional (e.g. I feel good about my diet) outcome. Expecting such benefits of changing one's diet has repeatedly been shown to enhance the likelihood of dietary changes (10) .
Dietary action planning
Planning, as a self-regulation or self-management skill, is a proximal predictor for health behaviour change (17) . Action planning pertains to making detailed plans of when, where and how to initiate an action. It specifies a critical condition linked to goal-directed responses such as eating an adequate diet. Coping planning is supposed to be a more effective self-regulatory strategy than mere action planning. Only after people generate an action plan, they imagine possible barriers and generate coping strategies. Thus, coping planning comes on top of action planning, and their separate effects are often hard to disentangle (for a general review on planning health behaviours, see Hagger and Luszczynska (18) ). Reviews on psychological intervention studies have documented the effects of planning on dietary behaviours (19) .
Dietary action control
While planning is a prospective strategy (i.e. behavioural plans are made before the situation is encountered), action control is a concurrent self-regulatory strategy where the ongoing behaviour is continuously evaluated with regard to a behavioural standard. Action control can comprise three facets: self-monitoring ('I consistently monitored when, where and how I eat fruit and vegetables'), awareness of standards ('I have always been aware of my diet') and self-regulatory effort ('I took care to eat as I intended to') (20) . In intervention programmes, the selfmonitoring component is most frequently applied, for example by daily diary forms or calendars that are provided to allow for continuous self-monitoring during a treatment phase. The combination of planning and action control has been studied in the context of fruit and vegetable consumption (12, 21) .
Aims of the current study
The present study aims to uncover the predictive role of HAPA stages of change, outcome expectancies, dietary planning and dietary action control when it comes to adopting or maintaining the Mediterranean diet. As it is a single-arm intervention, the question cannot be whether the treatment is superior to a control condition. Rather, the question is whether there are changes at all and whether the amount of change is related to any of the psychological constructs. Thus, it is expected that all four constructs (i.e. HAPA stages of change, outcome expectancies, planning and action control) are predictive of change, which means that higher prerequisites result in higher levels of the nutritional outcome measure. Moreover, the question is whether there are differential effects; that some participants change more than others. We hypothesize that those who enter the programme at a low level of psychological readiness have more to gain than those who enter at an already high level of nutritional awareness and motivation. Thus, the question is whether a moderator effect can be established, using the four psychological constructs as putative moderators in the analyses.
Method
Participants and procedure The current pilot intervention study targeted adult residents in Italy, Greece and Spain in 2015 as part of Credits4Health ('Credits-based, people-centric approach for the adoption of healthy life-styles and balanced Mediterranean diet in the frame of social participation and innovation for health promotion', funded by the European Commission within the VII Framework Programme, Grant Agreement 602386). The Credits4Health (C4H) project uses an online platform with personalized motivational pathways with the aim to improve diet and activity levels in the Mediterranean countries. The purpose of the pilot study was to test the feasibility of an online platform designed for a future two-arm randomized controlled trial. Potential survey participants were recruited through radio messages, web announcements on the official project web page and local web pages, as well as through use of local mailing lists. We obtained ethical approval from all local review boards. Individuals were eligible to participate if they were apparently healthy, at least 18 years old and residing in one of the four selected areas in Italy, Spain and Greece. A total of 653 persons were screened and provided with information about the purpose of the study. After giving informed consent, they received an account for the online platform to complete a baseline questionnaire with behavioural and psychological items. Baseline nutrition data were available from 454 individuals (Italian, n 155; Greek, n 117; Spanish, n 82) and 118 of them attended the follow-up assessment (26 %). Because six persons did not complete the diet index, the final longitudinal sample was 112 persons (forty-seven men, sixty-five women). Mean age was 42·2 (SD 10·36) years (range 18-65 years) and mean BMI was 26·4 (SD 5·2) kg/m 2 (range 16·47-56·69 kg/m 2 ). Participants did not receive any incentives for their participation.
Intervention
The online platform delivered a lifestyle intervention that implemented theory-based behaviour change components. In the present paper we focus on the dietary components of the complex lifestyle intervention. Table 1 summarizes the applied behaviour change techniques, the according theoretical construct and implementation strategy.
Measures

Dietary behaviours index
Adherence to the Mediterranean diet was assessed with the Mediterranean Diet Adherence Screener (MEDAS), a validated fourteen-item index (22) . This screener is a heterogeneous nutritional habit index and scores were normally distributed in the current data set. Higher values on the MEDAS indicate a higher adherence to the Mediterranean dietary pattern. Some questions refer to food habits, such as 'Do you use olive oil as the principal source of fat for cooking?' Others ask about the frequency of consumption of certain foods, for example 'How many servings of vegetables do you consume per day?' and 'How many servings of fish/seafood do you consume per week?' Questions were scored as 0 or 1 according to the level of adherence to the Mediterranean diet recommendations.
Psychological constructs
Stages of change, outcome expectancies, planning and action control assessment were validated in previous studies (20) (21) (22) (23) (24) and the response format was from 1 ( = 'not at all true') to 6 ( = 'completely true'). The inventories were administered in Italian, Spanish, Catalan and Greek languages. The MEDAS has also been pretested in the three countries along with the psychological variables (23) . Positive diet-specific outcome expectancies. Positive diet-specific outcome expectancies were measured at baseline by three items, introduced by the stem 'If I eat five portions of fruit or vegetables a day …' followed by statements regarding positive consequences, namely '… then I feel more satisfied and pleased', '… I feel more physically fit' and '… I look better'. Cronbach's α was 0·79.
Diet-specific planning. Diet-specific planning was assessed at baseline by four items, two of them pertaining to action planning with the stem 'I have made a detailed plan for …' followed by statements such as '… when, where, or how to eat fruit or vegetables' and '… how to maintain an overall balanced diet'. The other two items referred to coping planning with the response options: '… which alternative diet I choose, in case I cannot adhere to my planned diet' and '… what to eat instead if I don't have time to shop or cook, or if any other interruption or obstacle emerges (e.g. eat with others in a restaurant)'. Cronbach's α was 0·90.
Diet-specific action control. Diet-specific action control was assessed at baseline with the following four statements: (i) 'I have been aware of my concrete dietary plan. It was always on my mind'; (ii) 'I have monitored how well I have adhered to my planned diet'; (iii) 'I have monitored how poorly I have adhered to my planned diet (e.g. snacking, indulging in tempting foods)'; and (iv) 'I have kept records regarding the amount of my fruit or vegetables'. Cronbach's α was 0·68.
Stages of change. Stage of change for adhering to the Mediterranean diet was assessed at baseline by a single question: 'Do you adhere to a healthy Mediterranean diet on a regular basis?' Participants were asked to choose one of the responses that ranged from 1 to 6 (1 = 'no, and I don't have this intention', 2 = 'no, but I am thinking about doing so', 3 = 'no, but I am strongly committed to doing so', 4 = 'yes, but I feel it is too hard for me', 5 = 'yes, and I think I could manage to continue' and 6 = 'yes, and it is easy for me'). Based on the responses, participants were then categorized into two groups based on their intention level, namely pre-intenders (those who do not have the intention to adhere to the target behaviour) and intenders/ actors (those who have the intention to engage in the behaviour but have not done yet and those who are already engaged in the health behaviour). Those who chose 1 or 2 were allocated to the category 'pre-intender'; those who chose 3, 4, 5 or 6, were included in the 'intender/actor' category. Validation of this assessment has been confirmed by Lippke et al. (25) .
Covariates Sociodemographic data were included as covariates: sex, age and BMI (BMI = [weight (kg)]/[height (m) 2 ]) were recorded at the initial medical screening. (33) (numbers in CALO-RE taxonomy (34) in square brackets, numbers in v1 taxonomy (35) in parentheses) • Individualized risk feedback on self-reported abdominal girth (What does your waistline ratio tell about you?)
• Individualized risk feedback on vessel calcination (How does a
Mediterranean diet affect your body?)
Outcome expectancies Provide information on consequences of behaviour in general [1] • Interactive quiz on nutritional facts and myths about nutritional content of several foods (Sherlock Holmes Quiz)
• Interactive quiz on the Mediterranean pyramid (What do the Egyptians have to do with nutrition?)
Pros and cons (9·2)
• Open text fields to enter up to six advantages of engaging in a
Mediterranean diet for a comic character (Convince Sporty the frog to eat more healthily)
• Open text fields to enter up to three short-term and three long-term positive consequences of a Mediterranean diet for oneself
• Open text field to enter up to three disadvantages of a Mediterranean diet for oneself
• Reappraisal of the disadvantages by generating positive outcomes (preceded by three examples)
Self-efficacy Prompt self-talk (15·4)
• Open text field to enter a motivating sentence to eat more healthily Prompting focus on past success (15·3)
• Introduction of three tempting situations, participants could choose whether they had managed to resist these situations in the past (Can I resist temptations?)
• • Identification of potential barriers/challenging situations (selfgenerated) and ways to overcome them (self-generated; if none mentioned, examples provided)
Action control Prompt self-monitoring of behaviour (2·3)
• Weekly review of online planner • Slidebar to rate one's success (0-100 %) of enacting action plans • Enter alternative behaviours if action plans were not met
Data analysis
Using the MIXED procedure in the statistical software package IBM SPSS Statistics Version 23.0, linear multilevel models were computed using age, BMI and sex as covariates, with two time points crossed in individuals (level 2) with REML (restricted maximum likelihood) estimation (26, 27) . We specified the time-varying MEDAS sum score as level-1 dependent variable. We studied cross-level interactions to determine the interrelationships between age (grand mean centred), BMI (grand mean centred), sex (coded as 1 = men, 0 = women) and time points (baseline = 0, follow-up = 1). The putative moderators were stage of change, outcome expectancies, planning and action control. In a linear mixed-effects model, the responses from participants are thought to be the sum of fixed and random effects. The fixed effects (model for the means) are of primary interest and random effects contribute to the covariance structure of the data. Adjustments for the covariance structure make the results more accurate. A series of analyses aimed at identifying a suitable model for the variances by comparing fit indices, mainly the Akaike's information criterion. An unstructured covariance matrix for random intercepts and random time effects was chosen. The covariance between intercept and linear growth parameter allows interpretation of differential effects such as whether the linear increase or decrease is related to initial values of a time-invariant predictor. As an effect size estimate, the total R 2 was computed which is the squared correlation between the actual outcome and the outcome predicted by the fixed effects.
Results
Preliminary descriptives and dropout analyses
The means, standard deviations and intercorrelations between the main study variables are presented in Table 2 . The mean MEDAS sum score was 7·44 (SD 1·34) at T1 (baseline) and 8·13 (SD 0·92) at T2 (follow-up). Men and women did not differ on any of the variables, and there were also no significant differences between the three countries.
A multivariate ANOVA with study dropout as the independent variable and the baseline assessments (age, BMI, sex, dietary behaviour, planning, outcome expectancies, action control and HAPA stage of change) as dependent variables revealed an overall statistically non-significant multivariate effect, Wilks' Λ = 0·96, F(9, 428) = 1·86, P = 0·06, η 2 = 0·04. The result indicated that those who remained in the study at follow-up did not differ overall on baseline variables compared with those who dropped out (all variables, P > 0·05, except action control, P = 0·014). Remainers scored lower (mean 2·04 (SD 0·91)) on action control than dropouts (mean 2·32 (SD 1·03)).
Effects of stages of change on changes in dietary behaviours
The analyses aimed at testing the effects on dietary behaviour as measured by the MEDAS sum score. Linear mixed models were computed with time points nested in individuals, using MEDAS sum score at two time points as the level-1 dependent variable. Individual differences in terms of age, BMI and sex served as time-invariant covariates at level 2, and HAPA stage of change served as a predictor and putative moderator.
The findings (model for the means) are presented in Table 3 and Fig. 1 . Time showed an increasing overall trend (b = 2·04, P < 0·01). Sex (P = 0·15) was not associated with the initial levels of MEDAS, but age (b = 0·02, P < 0·01), BMI (b = −0·04, P = < 0·01) and stage of change (b = 0·88, P = < 0·01) were predictive, which means that somewhat older adults, those with lower BMI and with higher motivation (as reflected by stage) were more likely to have improved their dietary behaviours. These findings were qualified by a cross-level interaction between time and stage (b = −0·79, P < 0·01) documenting a differential trajectory for initially less motivated and more motivated individuals. Total R 2 = 0·17. Moreover, this was reflected in the model for the variances. The covariance between the intercept and the linear growth parameter was negative (cov = −0·90, Wald Z = −10·68, P < 0·01). This suggests that pre-intenders had a steeper linear increase, whereas intenders/actors had a less steep increase in linear growth over time although they had overall better outcomes. 1·21  3·77  1·21  0·20  0·66  5  Planning T1  1  0·70**  2·38  1·36  2·70  1·27  1·63  0·21  6  Action control T1  1  2·08  0·95  1·97  0·89  0·34  0·56 T1, baseline; T2, follow-up; MEDAS, Mediterranean Diet Adherence Screener **P < 0·01. For between-groups comparisons: df = 1110.
Effects of positive outcome expectancies on changes in dietary behaviours
The corresponding findings for positive outcome expectancies are presented in Table 4 and Fig. 2 . Results for time, sex, age and BMI remained the same as before. Outcome expectancies (b = 0·24, P < 0·01) were also predictive, which means that those participants with higher perceptions of the benefits of healthy eating were more likely to have improved their dietary behaviours. These findings were qualified by a cross-level interaction between time and outcome expectancies (b = −0·20, P = 0·02) documenting a differential trajectory for those with different levels of outcome expectancies. Total R 2 = 0·14. Moreover, this was reflected in the model for the variances. The covariance between the intercept and the linear growth parameter was negative (cov = −0·94, Wald Z = −10·83, P < 0·01). This suggests that persons with less positive outcome expectancies had a steeper linear increase, whereas those with more positive outcome expectancies had a less steep increase in linear growth over time.
Effects of dietary planning on changes in dietary behaviours
The corresponding findings for dietary planning are presented in Table 5 and Fig. 3 . Results for time, sex, age and BMI remained the same as before. Dietary planning (b = 0·21, P < 0·01) was significant. This means that those with higher levels of dietary planning were more likely to have improved their dietary behaviours. These findings were qualified by a cross-level interaction between time and planning (b = −0·20, P = 0·01) documenting a differential trajectory for those with different levels of dietary planning. Total R 2 = 0·13. Moreover, this was reflected in the model for the variances. The covariance between the intercept and the linear growth parameter was negative (cov = −0·97, Wald Z = −11·27, P = < 0·01). This suggests that persons with low levels of dietary planning had a steeper linear increase, whereas those with high dietary planning had a less steep increase in linear growth over time.
Effects of dietary action control on changes in dietary behaviours
The corresponding findings for dietary action control are presented in Table 6 and Fig. 4 . Results for time, sex, age and BMI remained the same as before. Dietary action control (b = 0·24, P < 0·01) was predictive, which means that those with higher levels of dietary action control were more likely to have improved their dietary behaviours. These findings were qualified by a cross-level interaction between time and dietary action control (b = −0·26, P = 0·03) documenting a differential trajectory for those with different levels of dietary action control. Total R 2 = 0·12. Moreover, this was reflected in the model for the variances. The covariance between the intercept and the linear growth parameter was negative (cov = −1·07, 
HAPA, Health Action Process Approach; MEDAS, Mediterranean Diet Adherence Screener; T1, baseline; T2, follow-up. Wald Z = −9·62, P < 0·01). This suggests that persons with low levels of dietary action control had a steeper linear increase, whereas those with high levels of dietary action control had a less steep increase in linear growth over time.
Discussion
The present study explored the possible psychological moderators that are involved in dietary change using data from a single-arm online intervention in three countries. There was an increase in self-reported healthy nutrition over time. Whereas previous research has focused on specific facets of nutrition (e.g. fruit and vegetable or fish consumption only (28) ), the current theory-based behaviour change intervention proved to be feasible in promoting the Mediterranean diet, although its efficacy could not be fully evaluated due to the lack of a control group. As the main aim of the study, the role of four social-cognitive constructs was examined that were supposed to be related to successful behaviour change: HAPA stages of change, outcome expectancies, dietary planning and dietary action control, using age, sex and BMI as covariates. As expected, it turned out that higher scores on such baseline variables make it more likely that individuals improve their dietary behaviours. Outcome variance accounted for by the four constructs were given in terms of effect size estimates (total R 2 ), which equal 12 % for action control, 14 % for outcome expectancies, 13 % for planning and 17 % for HAPA stage of change. More importantly, there were differential effects of all four factors as they produced a similar pattern of interactions across all analyses. The lower people start when entering the programme, the steeper appears to be their increase in adopting a Mediterranean diet. At follow-up they come close or equal to those who entered at a higher level of readiness to change. Thus, the treatment has turned out to be an 'equalizer' helping those participants who were most in need for treatment. This is also reflected by the smaller variances at follow-up.
Previous research on dietary interventions has mainly focused on the evaluation of the treatment effect as reflected by the time by treatment interactions, and in longitudinal observation studies the focus has mainly been on the search for psychological predictors. The current approach has made an attempt to examine differential effects within a single-arm health promotion programme. This was done by identifying psychological moderators that may explain why some study participants gain more from a treatment than others. The results are in line with research on baseline by treatment interactions, although the term does not apply directly to the present design because it was a single-arm intervention. Such baseline by treatment interactions may indicate that some participants benefit from all interventions due to their pattern of study entry characteristics. For example, intenders as compared with actors showed larger increases in physical activity due to a planning intervention (29) . Some limitations need to be considered. First, the measurement of dietary consumption was self-reported which can cause bias as people may miss calculation of consumed portions in the previous weeks and may hold biased views about their own eating patterns. In spite of such potential bias, dietary self-reports have been validated against objective assessment such as biomarkers (30) . Second, there was an increase in self-reported healthy nutrition over time but the overall efficacy of the treatment could not be evaluated because this was not a randomized controlled trial, and no control group was available. Third, participants were self-selected and interacted with the platform on a self-selected frequency. Therefore, the results are not generalizable to other populations and one cannot determine a dose-response effect. Information on the frequency of logins and the amount of time spent on intervention pages was not available, which would have allowed us to determine dose-response effects.
Fourth, volunteers from three countries were included and these were not representative for the population of their countries of origin. Thus, no attempt was made to compare countries. It is likely that cultural eating habits make a difference and this should be studied on the basis of culture-representative samples.
Nevertheless, the present research contributes to the investigation of psychological entry characteristics that may allow a prediction of who would benefit most from this kind of dietary online intervention. Study participants were identified in terms of their HAPA stage of change, outcome expectancies, planning and action control, and all these variables taken together reflect a motivational mindset towards dietary change. Although overall the entire study sample made significant advances towards dietary change, these four psychological characteristics consistently moderated the amount of progress that individuals made. One cannot conclude that poorly motivated participants do always have a steeper increase but they did within the present treatment context. Thus, a future research question to be tackled is the type of treatment in terms of complexity, delivery mode (online, personal, group format, etc.) and selection of behaviour change techniques. One needs to find out whether there are aptitude-treatment interactions: individuals with characteristic A might benefit from treatment X, whereas those with characteristic B might benefit from treatment Y.
To conclude, individual differences in participants' readiness for change and according psychological profiles need to be taken into account to gauge who would benefit most from the given dietary online treatment (31) . Findings from the present theory-based study have implications for future interventions to facilitate healthy eating behaviour. Diet-specific positive outcomes expectancies, planning and action control should be considered for inclusion in future intervention designs. These are alterable dietaryrelated variables (32) and they are relatively easy to prompt in health behaviour change programmes. Finally, good practice for interventions and policies aiming at dietary behaviour should make use of behaviour change theory to optimize intervention outcomes and implementation (19) . Persons who initially were less aware of their dietary behaviour patterns have a steeper slope, which means that they gain more from the treatment (MEDAS, Mediterranean Diet Adherence Screener; T1, baseline; T2, follow-up)
